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PERFORMANCE-BASED MULTI-MODE
TASK DISPATCHING IN A

MULTI-PROCESSOR CORE SYSTEM FOR
EXTREME TEMPERATURE AVOIDANCE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a computer program
product, system, and method for performance-based multi-
mode task dispatching 1n a multi-processor core system for
extreme temperature avoidance.

2. Description of the Related Art

A computing system such as a storage controller, for
example, may have many central processing unit (CPU)
modules, often referred to collectively as a CPU complex.
Each module may have multiple processor integrated circuit
(IC) dies 1n which each IC die has multiple processor cores
in a CPU.

A processing operation such as storing data 1n or reading
data from storage may be broken into many tasks which may
be distributed by a task scheduler to the various processor
cores to be processed. In this manner, many of the tasks of
the operation may be performed in parallel by processor
cores of the CPU complex to improve system performance.
Various logic implementations have been proposed or imple-
mented for such task schedulers to optimize system perfor-
mance.

A CPU complex may have one or more temperature
sensors for monitoring the current temperature of areas of
the CPU complex. Thus, an IC die of a CPU module of the
CPU complex may have a temperature sensor disposed on
the die and 1 some devices, each processor core of a CPU
may have a temperature sensor to monitor the temperature of
the associated processor core. Still further, the CPU complex
may have a temperature sensor to monitor the current overall
or ambient temperature of the CPU complex.

Due to various factors such as CPU load, device cooling
tailure, building cooling failure, and external environmental
events such as heat waves, some or all of the CPUs of the
CPU complex may overheat to an extent that causes CPU
failure or severe performance degradation due to hardware
thermal protection circuitry which can throttle back operat-
ing speeds. Accordingly, various logic implementations
have been proposed or implemented for task schedulers to
utilize sensor temperature data to distribute tasks 1 a
manner which reduces or minimizes the temperature of each
CPU or the average CPU temperature for safer operation.

SUMMARY

Performance-based multi-mode task dispatching for
extreme temperature avoidance in a multi-processor core
system 1n one aspect of the present description, includes
methods which select a plurality of processor cores of a
multi-processor core system, as available to receive a dis-
patched task, to define a set of available processor cores in
which each processor core of the set of available processor
cores 1s selected as available to recerve a dispatched task.
Tasks are dispatched by multi-mode task dispatching logic
to processor cores of the set of available processor cores for
processing in a performance-based dispatching mode pri-
marily as a function of system performance. A multi-pro-
cessor core temperature which 1s a function of temperatures
of a plurality of processor cores, 1s monitored and compared
to a first mode temperature threshold value. If the multi-
processor core temperature rises above the first mode tem-
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2

perature threshold value, multi-mode task dispatching logic
switches to a thermal-based dispatching mode which
includes dispatching tasks to the set of available processor
cores for processing by the processor cores in the thermal-
based dispatching mode primarily as a function of processor
core temperatures. Other embodiments 1include correspond-

ing computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each
device being configured to perform the actions of the
methods.

Implementations may also include one or more of the
following features. The multi-processor core temperature
may be compared to a second mode temperature threshold
value lower than the first threshold value. If the multi-
processor core temperature falls below the second mode
temperature threshold value, the multi-mode task dispatch-
ing logic may switch back to the performance-based dis-
patching mode so that tasks are dispatched to the set of
available processor cores for processing 1n the performance-
based dispatching mode primarily as a function of system
performance.

In another aspect of the present description, multi-mode
task dispatching logic selects as a function of temperature,
a plurality of the processor cores as unavailable to receive a
dispatched task to define a second set of unavailable pro-
cessor cores 1 which each processor core of the set of
unavailable processor cores 1s selected as unavailable to
receive a dispatched task. A temperature of a processor core
of the set of available processor cores 1s monitored and
compared to a third set temperature threshold value. If the
temperature ol the processor core rises above the third set
temperature threshold value, the processor core 1s redesig-
nated as unavailable to recerve a dispatched task, 1s added to
the set of unavailable processor cores, and 1s removed from
the set of available processor cores.

In another aspect, a temperature of a processor core of the
set of unavailable processor cores 1s monitored and com-
pared to a fourth set temperature threshold value. If the
temperature of the processor core of the set of unavailable
processor cores falls below the fourth set temperature
threshold value, the processor core of the set of unavailable
processor cores 1s redesignated as available to receive a
dispatched task, 1s added to the set of available processor
cores, and 1s removed from the set of unavailable processor
Cores.

In another aspect, multi-mode task dispatching logic
compares a multi-processor core temperature to a sub-mode
temperature threshold value, and 11 the multi-processor core
temperature 1s below the sub-mode temperature threshold
value, the multi-mode task dispatching logic switches to a
heating sub-mode of the performance-based dispatching
mode. In one embodiment, the heating sub-mode includes
dispatching a heat generating non-system workload task to
idle processor cores of a set of processor cores for process-
ing to raise the temperature of processing cores receiving a
heat generating task. The heat generating tasks are dis-
patched to 1dle processor cores 1n addition to the dispatching
of system workload tasks to available processor cores pri-
marily as a function of system performance. In yet another
aspect, the multi-mode task dispatching logic 1ssues a sys-
tem message to alert a system operator that the system 1s in
the heating sub-mode.

In one embodiment, the multi-processor core temperature
1s an ambient temperature ol an environment adjacent a
plurality of processor cores. A heat generating non-system
workload task in one embodiment includes a loop of mnstruc-
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tions to be processed by a processor core, wherein the heat
generating non-system workload task terminates after a
predetermined time limut.

In another aspect, 11 the multi-processor core temperature
1s above a sub-mode temperature threshold value, the multi-
mode task dispatching logic exits the heating sub-mode of
the performance-based dispatching mode, and terminates
dispatching of heat generating non-system workload tasks to
idle processor cores of a set of available processor cores.
System workload tasks continue to be dispatched mn a
performance-based dispatching mode to available processor
cores primarily as a function of system performance.

In still another aspect, multi-mode task dispatching logic
selects processor cores as unavailable to receive a dis-
patched heat generating non-system workload task or a
system workload task to define a second set of unavailable
Processor cores.

Implementations of the described techniques may include
hardware, a method or process, or computer software on a
computer-accessible medium. Other features and aspects
may be realized, depending upon the particular application.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1llustrates an embodiment of a computing envi-
ronment employing performance-based multi-mode task
dispatching for extreme temperature avoidance 1 a multi-
processor core system 1n accordance with one aspect of the
present description.

FIG. 2 illustrates an example of a CPU having multiple
processor cores and multiple temperature sensors for the
computing environment of FIG. 1.

FIG. 3 illustrates an embodiment of multi-mode task
dispatching logic configured for performance-based multi-
mode task dispatching for extreme temperature avoidance in
accordance with the present description.

FIG. 4 1s a graph depicting examples of temperature
thresholds which may be employed by mode selection logic
of the multi-mode task dispatching logic of FIG. 3.

FIG. 5 1s a graph depicting examples ol temperature
thresholds which may be employed by set selection logic of
the multi-mode task dispatching logic of FIG. 3.

FIG. 6 depicts an example of operations of mode selection
logic of the multi-mode task dispatching logic of FIG. 3.

FIG. 7 depicts an example of operations of set selection
logic of the multi-mode task dispatching logic of FIG. 3.

FIG. 8 depicts an example of operations of a heating

sub-mode of the multi-mode task dispatching logic of FIG.
3.

FIG. 9a depicts an example of operations of a heat
generating non-system workload task.
FIG. 95 depicts an example of an array of counters which

may be employed by the heat generating non-system work-
load task of FIG. 9a.

FIG. 10 illustrates a computer embodiment employing
performance-based multi-mode task dispatching for extreme
temperature avoidance in a multi-processor core system in
accordance with the present description.

DETAILED DESCRIPTION

A system of one or more computers may be configured for
performance-based multi-mode task dispatching for extreme
temperature avoidance in a multi-processor core system in
accordance with the present description, by virtue of having
software, firmware, hardware, or a combination of them
installed on the system that in operation causes or cause the
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4

system to perform performance-based multi-mode task dis-
patching operations. For example, one or more computer
programs may be configured to perform performance-based
multi-mode task dispatching operations for extreme tem-
perature avoidance in a multi-processor core system by
virtue of including instructions that, when executed by data
processing apparatus, cause the apparatus to perform the
actions.

As noted above, various logic implementations have been
proposed or implemented for task schedulers to utilize
sensor temperature data to reduce or minimize the tempera-
ture of each CPU or the average CPU temperature. However,
it 1s appreciated herein that these previously known thermal-
based logic implementations are typically incompatible with
dispatch logic implementations that optimize for perfor-
mance. As a result, 1n many known dispatch logic imple-
mentations for temperature control, thermal optimization
rather than system performance optimization 1s the primary
factor 1f not the sole factor in determining to which CPUs
tasks are to be dispatched.

In contrast, it 1s appreciated herein that for the majority of
computer system operation time, 1t 15 advantageous for the
task scheduler to employ a dispatch logic implementation
that 1s optimized or substantially optimized for performance,
particularly in high volume data operations such as those
performed by commercial storage controllers. Nonetheless,
it 1s also appreciated that 1n accordance with the present
description, thermal data may yet be taken into consider-
ation 1n dispatching tasks to the processor cores to prevent
CPU failure due to thermal factors, while continuing to
maintain high system performance as a primary factor for
the task scheduler.

In one embodiment, performance-based multi-mode task
dispatching for extreme temperature avoidance 1 a multi-
processor core system in accordance with the present
description, 1ncludes selecting as a function of individual
processor core temperatures, processor cores as available to
receive a dispatched task. Tasks are dispatched by multi-
mode task dispatching logic to the set of available processor
cores for processing in a performance-based dispatching
mode. IT a multi-processor core temperature which may be
the overall temperature of a collection of processor cores,
rises above a mode temperature threshold value, multi-mode
task dispatching logic switches to a thermal-based dispatch-
ing mode. I the multi-processor core temperature {falls
below another mode temperature threshold value, multi-
mode task dispatching logic switches back to the perfor-
mance-based dispatching mode.

Within the performance-based dispatching mode, if the
temperature of an individual processor core rises above a
mode temperature threshold value, the processor core 1s
redesignated as unavailable to receive a dispatched task.
However, the multi-mode task dispatching logic remains 1n
the performance-based dispatching mode for dispatching
tasks to the remaining available processor cores to optimize
or substantially optimize system performance. As a result, 1t
1s believed that the period of time that the multi-mode task
dispatching logic remains in the performance-based mode 1s
extended, notwithstanding that some of the processor cores
may become unavailable to receive dispatched tasks due to
excessive temperatures of those individual processor cores.

It 1s further appreciated that by redesignating a process
core as unavailable to receive dispatched tasks due to an
excessive temperature of the processor core, cooling of the
processor core 1s facilitated. If the temperature of an 1ndi-
vidual processor core falls below another mode temperature
threshold value, the processor core 1s redesignated as avail-
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able to receive a dispatched task. Again, it 1s believed that
the period of time that the multi-mode task dispatching logic
remains 1n the performance-based mode 1s extended as
unavailable processor cores are permitted to cool and are
then added back to the set of available processor cores.

In another aspect of the present description, 1t 1s appre-
ciated that not just excessively high temperatures but also
excessively cold temperatures may interfere with proper
system operation. For example, if the ambient temperature
of a CPU complex reaches a sufliciently low level, the CPU
complex may shut down 1n whole or 1n part. In one embodi-
ment of multi-mode task dispatching for extreme tempera-
ture avoidance, a performance-based dispatching mode
includes a heating sub-mode 1n which heat generating non-
system workload tasks are dispatched to 1dle processor cores
of the set of available processor cores to raise the tempera-
ture of processing cores receirving a heat generating task.
The heating sub-mode 1s entered if a multi-processor core
temperature such as the ambient temperature of the CPU
complex, for example, 15 below a sub-mode temperature
threshold value. In this manner, the ambient temperature of
the CPU complex may be prevented from reaching or
remaining at a level which causes the CPU complex to shut
down.

In addition, a system message may be 1ssued to alert a
system operator that the system 1s in the heating sub-mode.
In response, the system operation may adjust environmental
controls to alleviate the extreme cold environmental condi-
tions affecting the system. Once the multi-processor core
temperature rises above a sub-mode temperature threshold
value, the heating sub-mode of the performance-based dis-
patching mode may be exited. Accordingly, workload tasks
may continue to be dispatched in a performance-based
dispatching mode by multi-mode task dispatching logic to
the set of available processor cores for processing without
dispatching heat generating non-system workload tasks to
idle processor cores of the set of available processor cores
while 1 a performance-based dispatching mode.

As used herein, the term performance-based dispatching
mode 1includes a mode for dispatching tasks to the available
processor cores to optimize or substantially optimize system
performance. In another embodiment, the term perior-
mance-based dispatching mode includes a mode for dis-
patching tasks to the available processor cores 1n which one
or more performance criteria are the primary factors for
controlling the dispatching of tasks to the available proces-
sor cores to increase system performance as compared to
that achieved with, for example, a thermal-based dispatching,
mode. For example, in one embodiment, tasks are dis-
patched to processor cores of the set of available of proces-
sor cores for processing by processor cores of the set of
available processor cores primarily as a function of system
performance instead of primarily as a function of tempera-
tures of the available processor cores. Thus, tasks may be
distributed to available processor cores in a manner which
increases system throughput without regard to the individual
temperatures of the available processor cores as long as they
remain 1n the set of available processor cores. However,
once the temperature of an 1individual processor core
exceeds a certain threshold, that processor core 1s removed
from the set of available processor cores 1n one embodiment
of the present description.

It 1s appreciated that performance of a CPU complex may
be measured using various criteria. For example, 1n a storage
controller, system performance may be measured as a func-
tion of throughput of read and write operations from and to
storage, 1n which higher throughput represents increased

10

15

20

25

30

35

40

45

50

55

60

65

6

performance. Other examples of system performance crite-
ria mclude time to complete a set of tasks or time to
complete individual tasks, for example, 1n which reduced
time represents an increase in system performance. It 1s
appreciated that other system performance criteria may be
utilized 1n a performance-based dispatching mode 1n accor-
dance with the present description, depending upon the
particular application.

As used herein, the term thermal-based dispatching mode
includes a mode for dispatching tasks to the available
processor cores to optimize or substantially optimize tem-
perature control of the CPU complex instead of optimizing
or substantially optimizing system performance. In another
embodiment, the term thermal-based dispatching mode
includes a mode for dispatching tasks to the available
processor cores 1n which one or more thermal criteria are the
primary factors for controlling the dispatching tasks to the
available processor cores to 1increase temperature control as
compared to, for example, that which may be achieved with
a performance-based dispatching mode in which perfor-
mance criteria are the primary factors. For example, tasks
may be dispatched to processor cores of the set of available
processor cores for processing primarily as a function of
processor core temperatures in the thermal-based dispatch-
ing mode. Thus, 1n one embodiment, tasks may be dis-
patched to lower temperature processor cores rather than
higher temperature processor cores, to reduce or prevent
excessive temperatures of the higher temperature cores with
no or less regard for performance results as compared to, for
example, that which may be achieved with a performance-
based dispatching mode 1n which performance criteria are
the primary factors. Thus, 1n one embodiment, tasks may be
dispatched first to the processor core having the lowest
temperature, second to the core having the second-most low
temperature, third to the core having the third-most low
temperature etc., with little or no regard to system perfor-
mance.

It 1s appreciated that thermal aspects of a CPU complex
may be measured using various criteria. For example, a total,
average or ambient temperature of a CPU complex as a
whole may be measured and controlled 1n a thermal-based
dispatching mode. Other examples of system thermal crite-
ria include a total or average temperature of a CPU module,
a total or average temperature of a CPU, a total or average
temperature of a set of processor cores, or a momentary or
average temperature of a processor core, for example, may
be measured and controlled 1n a thermal-based dispatching
mode. It 1s appreciated that other system thermal critenia
may be utilized in a thermal-based dispatching mode in
accordance with the present description, depending upon the
particular application.

As used herein, a system workload task 1s a task which
processes at least a portion of a system workload. As used
herein the term system workload refers to processing true
data such as business related data, such as credit card
transactions, for example. As used herein, the term true data
refers to data in which the content of the data 1s significant.

In contrast, a non-system workload task 1s a task which
processes a non-system workload. As used herein, the term
non-system workload refers to processing pseudo data such
as data created primarily for purposes of executing tasks 1n
a processor core, for example, to heat a processor core rather
than to generate, store or retrieve true data. As used herein,
the term pseudo data refers to data in which the content of
the data 1s substantially insignificant. For example, the
content of pseudo data may be of little or no value to the
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operator of the system. As used herein, the term idle pro-
cessor core refers to a processor core not processing a
system workload task.

Accordingly, performance-based multi-mode task dis-
patching can, in accordance with one aspect of the present
description, facilitate increasing the amount of time that a
task scheduler of a computer system 1s operated 1n a per-
formance-based mode while preventing or reducing CPU
tailure due to thermal factors. In this manner high system
performance may be maintained as a primary factor for the
task scheduler while continuing to prevent or reduce CPU
fallure due to thermal factors. Other features and aspects
may be realized, depending upon the particular application.

Implementations of the described techniques may include
hardware, a method or process, or computer software on a
computer-accessible medium. FIG. 1 illustrates an embodi-
ment of a computing environment employing performance-
based multi-mode task dispatching for extreme temperature
avoldance 1n a multi-processor core system in accordance
with the present description. A plurality of hosts 2a, 256 . . .
2r may submit Input/Output (I/O) requests to a storage
controller or storage control unit 4 over a network 6 to
access data at volumes 8 (e.g., Logical Umt Numbers,
Logical Devices, Logical Subsystems, etc.) in storage rep-
resented by a plurality of storage drives 10a, 10b. The
storage controller 4 includes a CPU complex 12, including
one or more processors or central processing units (CPUs)
CPU1, CPU2 CPUn, each having a single or multiple
processor cores, corel, core2 coreN as shown in FIG. 2. In
this embodiment, a processor core contains the components
of a CPU i1volved 1n executing instructions, such as an
arithmetic logic unit (ALU), floating pomnt umt (FPU),
and/or various levels of cache (such as L1 and L2 cache), for
example. It 1s appreciated that a processor core may have
other logic elements 1n addition to or instead of those
mentioned herein.

In one embodiment, each processor core of a central
processing unit may have an associated temperature sensor,
sensorl (FIG. 2), sensor2 sensorN, respectively thermally
coupled to the associated processor core. For example, the
sensor may be disposed on the same die and i1n close
physical proximity to the associated processor core or may
be coupled to the associated processor core by a suitable
thermally conductive matenial. In one embodiment, each
CPU may have an overall CPU sensor CPUsensorl which 1s
thermally coupled to the associated CPU and measures the
overall temperature of the associated CPU. In another
embodiment, each CPU may have an ambient CPU sensor
CPUsensorl which measures the ambient temperature of the
environment surrounding an associated CPU. Still further, 1n
one embodiment, the CPU complex 12 may have an overall
CPU complex sensor ComplexSensorl (FIG. 1) which 1s
thermally coupled to the associated CPU complex 12 and
measures the overall temperature of the associated CPU
complex. In another embodiment, the CPU complex sensor
ComplexSensorl may be an ambient temperature sensor
which measures the ambient temperature of the environment
adjacent to or surrounding the CPU complex 12. Other
embodiments may have sutlicient sensors to measure both a
temperature of the device 1tself and an ambient temperature
of the environment of the device.

The storage controller 4 (FIG. 1) has a memory 20 that
includes a storage manager 22 for managing the transfer of
tracks transferred between the hosts 2a, 26 . . . 2r and the
storage 10a, 1056 and a task scheduler 24 that includes
multi-mode task dispatching logic 304 (FIG. 3) configured
to dispatch tasks to processor cores corel, core2 . . . coreN
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of the CPU complex 12 1n a selected one of a plurality of
task dispatching modes. As explained in greater detail
below, the dispatch modes include a performance-based
dispatching mode 1n which tasks are dispatched to available
processor cores primarily as a function of system perfor-
mance, and a thermal-based dispatching mode 1n which
tasks are dispatched to available processor cores primarily as
a Tunction of processor core temperatures. It 1s appreciated
that the multi-mode task dispatching logic 304 may include
other modes of operation, depending upon the particular
application.

A track may comprise any unit of data configured 1n the
storage 10a, 105, such as a track, Logical Block Address
(LBA), etc., which 1s part of a larger grouping of tracks, such
as a volume, logical device, etc. The storage manager 22 and
task scheduler 24 are shown in FIG. 1 as program code
loaded imto the memory 20 and executed by the CPU
complex 12. Alternatively, some or all of the functions may
be implemented 1 hardware devices 1n the storage control-
ler 4, such as 1n Application Specific Integrated Circuits
(ASICs) or as firmware.

In one embodiment, the storage drives 10a, 106 may be
comprised of one or more sequential access storage devices,
such as hard disk drives and magnetic tape or may include
non-sequential access storage devices such as solid state
drives (SSD), for example. Each storage drive 10a, 106 may
comprise a single sequential or non-sequential access stor-
age device or may comprise an array of storage devices,
such as a Just a Bunch of Disks (JBOD), Direct Access
Storage Device (DASD), Redundant Array of Independent
Disks (RAID) array, virtualization device, etc. The network
6 may comprise a Storage Arca Network (SAN), a Local
Area Network (LAN), a Wide Area Network (WAN), the

Internet, and Intranet, etc.

FIG. 3 depicts one embodiment of multi-mode task dis-
patching logic 304 of the task scheduler 24 (FIG. 1). In this
embodiment, the multi-mode task dispatching logic 304 is
configured to dispatch tasks to available processor cores 1n
a selected one of a plurality of dispatch modes. In one aspect
of the present description, the multi-mode task dispatching
logic 304 includes set selection logic 308 configured to
select at least a portion of the plurality of processor as
available to receive a dispatched task, to define a first set of
available processor cores. One mode of the multi-mode task
dispatching logic 304 1s a performance-based dispatching
mode 1n which tasks are dispatched to processor cores of the
first set of available processor cores for processing, primar-
1ly as a function of system performance in the performance-
based dispatching mode. In another dispatch mode, a ther-
mal-based dispatching mode, tasks are dispatched to
processor cores of the first set of available processor cores
primarily as a function of processor core temperatures in the
thermal-based dispatching mode. As explained 1n greater
detail below, a processor core may be removed from the set
ol available processor cores 1f the temperature of the core
rises to an excessive level. Conversely, a processor core may
be returned to the set of available processor cores it the
temperature of the core falls to an acceptable level. In this
manner, tasks may continue to be dispatched to processor
cores of the first set of available processor cores for pro-
cessing 1n the performance-based dispatching mode while
still taking into account the temperatures of individual
processor cores 1n determining whether the processor cores
are available or unavailable to receive performance-based
dispatched tasks.

The 1dentities of the available processor cores of the set of
available processor cores defined by the set selection logic
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308 may be maintained in a suitable data structure 310. It 1s
appreciated that the 1dentities of processor cores designated
as available for receipt of dispatched tasks may be indicated
using other techniques, depending upon the particular appli-
cation.

The multi-mode task dispatching logic 304 further
includes temperature monitoring logic 314 which 1s coupled
to signal outputs of the temperature sensors sensorl, sensor
2 . .. sensorN, CPUsensorl (FIG. 2) and ComplexSensorl
(FIG. 1). The temperature monitoring logic 314 1s config-
ured to momitor a multi-processor core temperature using,
appropriate temperature sensors such that the multi-proces-
sor core temperature 1s a function of temperatures of at least
a portion of the plurality of the processor cores of the
system. A comparator logic 318 1s configured to be respon-
sive to the temperature monitoring logic 314, and to com-
pare a multi-processor core temperature to a first mode
temperature threshold value, such as the mode temperature
threshold valuel depicted 1n the graph of FIG. 4.

The multi-mode task dispatching logic 304 further
includes mode selection logic 320 (FIG. 3) configured to be
responsive to the comparator logic 318 and to select a
dispatch mode of the multi-mode task dispatching logic 304
as a function of a temperature or temperatures of processor
cores. In one embodiment, the mode selection logic 320 1s
turther configured to, 1 a multi-processor core temperature
rises above the first mode temperature threshold value, that
1s, mode temperature threshold valuel (FIG. 4), to select the
thermal-based dispatching mode and to switch at a mode
transition 11, the mode of the multi-mode task dispatching
logic 304 to the thermal-based dispatching mode so that
tasks are dispatched to available processor cores of the set of
available processor cores lfor processing primarily as a
function of processor core temperatures 1n the thermal-based
dispatching mode.

In one embodiment, the overall temperature of a CPU
complex under load, such as the total temperature measured
by the sensors or an average of the sensors of the CPU
complex, may be 1n a range of 56-58 degrees Celsius, for
example. However, 11 the overall temperature rises above 95
degrees Celsius, the CPUs may be damaged. Accordingly, 1in
one embodiment a temperature value of 90 degrees Celsius
may be selected for the mode temperature threshold valuel.
Thus, i the multi-processor core temperature being moni-
tored rises above the 90 degree mode temperature threshold
value, the dispatch mode of the multi-mode task dispatching
logic 304 switches to the thermal-based dispatching mode so
that tasks are dispatched to available processor cores of the
set of available processor cores for processing primarily as
a Tunction of processor core temperatures in the thermal-
based dispatching mode. It 1s appreciated that other tem-
perature values may be selected for the mode temperature
threshold values, depending upon the particular application.

For example, 1in another embodiment, the ambient tem-
perature of a CPU complex under load, may be in a range of
20-26 degrees Cels1us, for example. Ambient temperature 1s
typically the air temperature of the environment 1n which the
CPU complex 1s positioned. However, if the ambient tem-
perature of the CPU complex rises substantially above 27
degrees Celsius, the CPUs may be damaged. Accordingly, 1in
one embodiment an ambient temperature value of 27
degrees Celsius may be selected for the mode temperature
threshold valuel. Thus, 11 the ambient temperature of the
CPU complex rises above the 27 degree mode temperature
threshold value, the dispatch mode of the multi-mode task
dispatching logic 304 can switch to the thermal-based dis-
patching mode so that tasks are dispatched to available

5

10

15

20

25

30

35

40

45

50

55

60

65

10

processor cores of the set of available processor cores for
processing primarily as a function of processor core tem-
peratures 1n the thermal-based dispatching mode. It 1s appre-
ciated that other temperature values may be selected for the
mode temperature threshold values, depending upon the
particular application.

In the embodiment of FIGS. 3, 4, the comparator logic
318 i1s further configured to compare a multi-processor core
temperature to a second mode temperature threshold value
such as the mode temperature threshold value2 (FI1G. 4), for
example, which 1s lower than the first threshold value. The
mode selection logic 320 1s further configured to, if the
multi-processor core temperature falls below the second
mode temperature threshold value2, to select the perior-
mance-based dispatching mode and switch at a mode tran-
sition 12, the mode of the multi-mode task dispatching logic
from the thermal-based dispatching mode to the perfor-
mance-based dispatching mode so that tasks are dispatched
to available processor cores of the first set of available of
processor cores for processing by available processor cores
of the first set of available processor cores primarily as a
function of system performance.

In one embodiment, the temperature monitoring logic 314
1s further configured to momitor the total temperatures of all
the processor cores which may be represented as a multi-
processor core temperature. In another embodiment, the
temperature monitoring logic 314 1s further configured to
monitor the average temperature of all the processor cores,
which may also be represented as a multi-processor core
temperature. In still another embodiment, the temperature
monitoring logic 314 1s further configured to monitor an
ambient temperature of all the processor cores, which may
also be represented as a multi-processor core temperature.

As previously mentioned, in one embodiment, the overall
temperature of a CPU complex under load, such as the total
temperature measured by the sensors or an average of the
sensors of the CPU complex, may be in a range of 56-38
degrees Celsius, for example. However, 1f the overall tem-
perature after rising above 90 degrees Celsius, for example,
subsequently falls to a lower temperature such as 65 degrees
Celsius, the danger of damage to the CPUs may be lessened
in some embodiments. Accordingly, 1n one embodiment a
temperature value of 65 degrees Celsius may be selected for
the mode temperature threshold value2. Thus, 11 the multi-
processor core temperature falls below the 65 degree mode
temperature threshold value2, the dispatch mode of the
multi-mode task dispatching logic 304 can switch back to
the performance-based dispatching mode so that tasks are
dispatched to processor cores of the set of available proces-
sor cores for processing primarily as a function of system
performance 1n the performance-based dispatching mode. It
1s appreciated that other temperature values may be selected
for the mode temperature threshold values, depending upon
the particular application.

For example, 1n another embodiment, as noted above, the
ambient temperature of a CPU complex under load, such as
the total temperature measured by the sensors or an average
of the sensors of the CPU complex, may be in a range of
20-26 degrees Celsius, for example. Accordingly, in one
embodiment an ambient temperature value of 24 degrees
Celsius, for example, may be selected for the mode tem-
perature threshold value2. Thus, if the ambient multi-pro-
cessor core temperature in this embodiment, after mnitially
rising above the 27 degree mode temperature threshold
value, subsequently falls below the 24 degree threshold
value, the mode of the multi-mode task dispatching logic
304 may switch back to the performance-based dispatching
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mode so that tasks are dispatched to available processor
cores of the set of available processor cores for processing
primarily as a function of system performance in the per-
formance-based dispatching mode. Again, 1t 1s appreciated
that other temperature values may be selected for the mode
temperature threshold values, depending upon the particular
application.

In another aspect of the present description, the set
selection logic 308 1s further configured to select processor
cores of the plurality of processor cores as unavailable to
receive a dispatched task. In this manner, the set selection
logic 308 defines a second set of unavailable processor cores
in which each processor core of the second set of processor
cores 1s selected as unavailable to receive a dispatched task.
In this aspect, the temperature monitoring logic 314 1is
turther configured to monitor a temperature of a particular
processor core, and the comparator logic 318 i1s further
configured to compare the temperature of the processor core
to a third temperature threshold value, such as the set
temperature threshold value3 (FIG. 5), for example.

The set selection logic 308 1n this embodiment 1s further
configured to, 1f the temperature of the processor core rises
above the third set temperature threshold value3, to reselect
the processor core as unavailable to receive a dispatched
task. In this manner, the processor core 1s added at a set
transition T3 to the second set of processor cores 1n which
cach processor core of the second set of processor cores 1s
selected as unavailable to receive a dispatched task. Accord-
ingly, the processor core 1s removed from the first set of
available processor cores at the set transition 13.

In one embodiment, the value of the third set temperature
threshold value3 may be set to be the same as the first mode
temperature threshold valuel, such as 90 degrees Celsius,
for example. It 1s appreciated that other temperature values
may be selected depending upon the particular application.

The temperature monitoring logic 314 1s further config-
ured to monitor a temperature of a processor core of the
second set of unavailable processor cores, and the compara-
tor logic 318 1s further configured to compare the tempera-
ture of the processor core of the second set of unavailable
processor cores to a fourth temperature threshold value such
as the set temperature threshold value4 (FIG. §), for
example.

The set selection logic 308 1s further configured to, 11 the
temperature of the processor core of the second set of
unavailable processor cores falls below the fourth set tem-
perature threshold value4, to reselect the second processor
core as available to receive a dispatched task. In this manner,
the set selection logic 308 adds the processor core at a set
transition 14 to the set of available processor cores 1n which
cach processor core of the set of available processor cores 1s
available to receive a dispatched task. Accordingly, the
processor core 1s removed from the set of unavailable
processor cores at the set transition T4.

In one embodiment, the value of the fourth set tempera-
ture threshold value4 may be set to be the same as the second
mode temperature threshold value2, such as 65 degrees
Cels1us, for example. It 1s appreciated that other temperature

values may be selected depending upon the particular appli-
cation.

In another aspect of the present description, a perfor-
mance-based dispatching mode includes a heating sub-mode
in which heat generating non-system workload tasks are
dispatched to idle processor cores of the set of available
processor cores to raise the temperature of processing cores
receiving a heat generating task. It 1s appreciated that not
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just excessively high temperatures but also excessively low
temperatures may interfere with proper system operation.
Accordingly, the comparator logic 318 (FIG. 3) 1s further
configured to be responsive to the temperature monitoring
logic 314, and to periodically compare a multi-processor
core temperature such as the ambient temperature of the

CPU complex 12 (FIG. 1) to a sub-mode temperature
threshold value, such as the sub-mode temperature threshold
value5 depicted in the graph of FIG. 4. The mode selection
logic 320 (FIG. 3) 1s further configured to be responsive to
the comparator 318 and to select a heating sub-mode of the
performance-based dispatching mode of the multi-mode
task dispatching logic 304 as a function of temperature of
Processor cores.

In one embodiment, the mode selection logic 320 1s
configured to, 1f a multi-processor core temperature 1s below
a sub-mode temperature threshold value, such as the sub-
mode temperature threshold value5 (FIG. 4), to select a
heating sub-mode of the performance-based dispatching
mode and switch at a sub-mode transition T35, to the heating
sub-mode of the performance-based dispatching mode of the
multi-mode task dispatching logic. As a result, heat-gener-
ating non-system workload tasks are dispatched to idle
processor cores of the first set of available processor cores
for processing by processor cores 1n the first set of processor
cores to raise the temperature of processing cores receiving
a heat generating task. In one embodiment, the mode selec-
tion logic 320 may be further configured to 1ssue a system
message to alert a system operator that the system i1s in the
heating sub-mode.

In one embodiment a temperature value of 15 degrees
Celsius may be selected for the sub-mode temperature
threshold value5. Thus, 11 the multi-processor core tempera-
ture being monitored falls below the 15 degree sub-mode
temperature threshold value, the multi-mode task dispatch-
ing logic 304 switches at a sub-mode transition T3 (FIG. 4)
to the heating sub-mode of the performance-based dispatch-
ing mode so that heat-generating non-system workload tasks
are dispatched to 1dle processor cores of the first set of
available processor cores for processing by processor cores
in the first set of processor cores to raise the temperature of
processing cores receirving a heat generating task. It 1s
appreciated that other temperature values may be selected
for the mode temperature threshold values, depending upon
the particular application.

Thus, 1n the heating sub-mode of the performance-based
dispatching mode, the mode selection logic 320 1s config-
ured to dispatch both heat-generating non-system workload
tasks to 1dle processor cores of the first set of available
processor cores for processing by processor cores 1n the first
set of processor cores to raise the temperature of processing
cores receiving a heat generating task, and to continue to
dispatch system workload tasks to available processor cores
of the first set of available of processor cores for processing
by available processor cores of the first set of available
processor cores primarily as a function of system perior-
mance, to process a system workload of the system, in the
performance-based dispatching mode. As a result, all or
substantially all of the processor cores of the CPU complex
may be actively employed in processing either system
workload tasks or non-system workload tasks to raise the
temperature or ambient temperature of the CPU complex.
Thus, 1 the heating sub-mode, the number of processor
cores of the set of available processor cores which remain
idle may be reduced or eliminated as compared to a non-
heating sub-mode.
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Conversely, if a multi-processor core temperature 1s
above a sub-mode temperature threshold value, such as the
sub-mode temperature threshold valued (FIG. 4), the mode
selection logic 320 1s configured to exit the heating sub-
mode of the performance-based dispatching mode and to
terminate dispatching of heat generating non-system work-
load tasks to 1dle processor cores of the first set of processor
cores 1n a non-heating sub-mode of the performance-based
dispatching mode. However, the mode selection logic 320
remains 1n the performance-based dispatching mode and 1s
configured to continue to dispatch system workload tasks to
available processor cores of the first set of available of
processor cores for processing by available processor cores
of the first set of available processor cores in the pertor-
mance-based dispatching mode.

In the illustrated embodiment, a single sub-mode tem-
perature threshold value (sub-mode temperature threshold
value5 (FIG. 4)) 1s depicted. However, it 1s appreciated that
more than one sub-mode temperature threshold value may
be provided 1n some embodiments. For example, a tempera-
ture differential may be provided between sub-mode tem-
perature threshold values to reduce switching between dis-
patch sub-modes 1n the event that a monitored temperature
oscillates about a temperature close to one of the threshold
values.

FIG. 6 depicts one embodiment of operations of the
multi-mode task dispatching logic 304. In this embodiment,
the set selection logic 308 of the multi-mode task dispatch-
ing logic 304 selects (block 610) at least a portion of the
plurality of processor as available to receive a dispatched
task, to define a first set of available processor cores. The
multi-mode task dispatching logic 304 dispatches (block
614) tasks to available processor cores 1n a selected one of
a plurality of dispatching modes, which 1s initially the
performance-based dispatching mode 1n this example. As
previously mentioned, in one embodiment, a performance-
based dispatching mode 1s one 1n which tasks are dispatched
to processor cores of the first set of available processor cores
for processing primarily as a function of system perfor-
mance to optimize or substantially optimize system perfor-
mance rather than primarily as a function of temperature
data to optimize or substantially optimize overall tempera-
ture reduction of the CPU complex.

The comparator logic 318 compares (block 620) a multi-
processor core temperature to a first mode temperature
threshold value, such as the mode temperature threshold
valuel depicted in the graph of FIG. 4. If the multi-processor
core temperature remains below the first mode temperature
threshold value, that 1s, mode temperature threshold valuel
(FI1G. 4), the mode selection logic 320 (FIG. 3) continues to
select (block 614) the performance-based dispatching mode
so that tasks are dispatched to available processor cores of
the first set of available processor cores for processing
primarily as a function of system performance to optimize or
substantially optimize system performance rather than to
optimize or substantially optimize overall temperature
reduction of the CPU complex.

Conversely, 1f the multi-processor core temperature rises
above the first mode temperature threshold value, that is,
mode temperature threshold valuel (FIG. 4), the mode
selection logic 320 (FIG. 3) selects the thermal-based dis-
patching mode and switches (block 624) the dispatch mode
of the multi-mode task dispatching logic 304 at the mode
transition T1 (FIG. 4), to the thermal-based dispatching
mode. As previously mentioned, in a thermal-based dis-
patching mode, tasks are dispatched (block 630) to available
processor cores of the set of available processor cores for
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processing primarily as a function of processor core tem-
peratures to optimize or substantially optimize thermal man-
agement including overall temperature reduction of the CPU
complex, rather than to optimize or substantially optimize
system performance.

The comparator logic 318 further compares (block 634)
the multi-processor core temperature to a second mode
temperature threshold value such as the mode temperature
threshold value2 (FIG. 4), for example, which 1s lower than
the first threshold value. If the multi-processor core tem-
perature falls below the second mode temperature threshold
value2, the mode selection logic 320 selects the perior-
mance-based dispatching mode and switches (block 640) at
a mode transition 12, the dispatch mode of the multi-mode
task dispatching logic 304 from the thermal-based dispatch-
ing mode back to the performance-based dispatching mode.
As a result, tasks are dispatched (block 614) to available
processor cores of the first set of available of processor cores
for processing by processor cores of the first set of available
processor cores primarily as a function of system perior-
mance. Conversely, 1f the multi-processor core temperature
remains above the second mode temperature threshold
value2, the mode selection logic 320 remains (block 630) in
the thermal-based dispatching mode. As a result, tasks are
dispatched to processor cores of the first set of available of
processor cores for processing by processor cores of the first
set of available processor cores primarily as a function of
thermal factors.

In the 1llustrated embodiment, a temperature diflerential
diffl (FIG. 4) 1s provided between the first and second mode
temperature threshold values, valuel and value2. Such a
differential can reduce excessive switching between dis-
patch modes in the event that a monitored temperature
oscillates about a temperature close to one of the threshold
values. Thus, i the multi-mode task dispatching logic 304 1s
in the thermal-based dispatching mode because the moni-
tored multi-processor core temperature rose above the first
mode temperature threshold value, that 1s, mode temperature
threshold valuel (FIG. 4), the mode selection logic 320
(FIG. 3) conftinues to select the thermal-based dispatching
mode notwithstanding that the monitored multi-processor
core temperature falls below the mode temperature threshold
valuel as long as the monitored multi-processor core tem-
perature remains above the mode temperature threshold
value2. Conversely, 1f the multi-mode task dispatching logic
304 1s 1n the performance-based dispatching mode because
the monitored multi-processor core temperature fell below
the second mode temperature threshold value, that 1s, mode
temperature threshold value2 (FIG. 4), the mode selection
logic 320 (FIG. 3) continues to select the performance-based
dispatching mode notwithstanding that the momtored multi-
processor core temperature rises above the mode tempera-
ture threshold value2 as long as the monitored multi-pro-
cessor core temperature remains below the mode
temperature threshold valuel.

As previously mentioned, in one embodiment, the tem-
perature monitoring logic 314 can monitor the total tem-
peratures of all the processor cores as a multi-processor core
temperature. In another embodiment, the temperature moni-
toring logic 314 can momtor the average temperature of all
the processor cores as a multi-processor core temperature. In
yet another embodiment, the temperature monitoring logic
314 can monitor the ambient temperature of all the processor
cores as a multi-processor core temperature.

In the illustrated embodiment, the comparator logic 318 1s
configured to compare monitored temperatures to tempera-
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ture threshold values on a periodic basis. It 1s appreciated
that other events may be used to trigger a comparison.

FIG. 7 depicts another embodiment of operations of the
multi-mode task dispatching logic 304. In this embodiment,
the set selection logic 308 (FIG. 3) mitially selects at least
a portion of the plurality of processor as available to receive
a dispatched task. In this manner a first set of processor cores
may be defined as available to receive a dispatched task. The
identities of the set of available processor cores defined by
the set selection logic 308 may be maintained 1n a suitable
data structure 310. It 1s appreciated that processor cores may
be indicated as available for receipt of dispatched tasks
using other techniques, depending upon the particular appli-
cation.

The set selection logic 308 (FIG. 3) selects (block 710) an
individual processor core for temperature monitoring on an
individual basis (as compared to collective monitoring of a
multi-core processor temperature for multiple processor
cores) and a determination (block 712) 1s made as to whether
the selected processor core has been designated as available
to recerve dispatched tasks for processing by that processor
core. 1T so, the comparator logic 318 compares (block 714)
a monitored temperature of the selected processor core to a
third set temperature threshold value, such as the set tem-
perature threshold value3 depicted 1n the graph of FIG. S.

IT 1t 1s determined (block 712) that the selected processor
core 1s already designated to be an available processor core,
and 11 the temperature of the selected processor core has not
risen above the third set temperature threshold value, that 1s,
set temperature threshold value3 (FIG. 5), the set selection
logic 308 (FIG. 3) selects the processor core to remain
available to receive dispatched tasks. The set selection logic
308 (FIG. 3) selects (block 710) another individual proces-

sor core for temperature monitoring on an individual basis as
described above.

Conversely, 1 1t 1s determined (block 712) that the
selected processor core 1s already designated as an available
processor core, and 11 it 1s determined (block 714) that the
temperature of the selected processor core has risen above
the third temperature threshold value, that 1s, above set
temperature threshold value3 (FIG. 5), the set selection logic
308 (FIG. 3) selects the processor core to be unavailable to
receive dispatched tasks and switches (block 720) the des-
ignation of the particular processor at the set transition T3
(FIG. §), from an available designation to an unavailable
designation. The set selection logic 308 (FIG. 3) selects
(block 710) another individual processor core for tempera-
ture monitoring on an individual basis as described above.

Conversely, 1 1t 1s determined (block 712) that the
selected processor core has not been designated to be an
available processor core (that 1s, 1t has been designated as an
unavailable processor core unavailable to receive dispatched
tasks), the comparator logic 318 compares (block 724) the
temperature of the particular core to a fourth temperature
threshold value, such as the set temperature threshold value4
depicted i1n the graph of FIG. 5. If the processor core
temperature has not fallen below the fourth set temperature
threshold value, that 1s, below set temperature threshold
value4 (FIG. §5), the set selection logic 308 (FIG. 3) selects
the processor core to remain unavailable to receive dis-
patched tasks and the set selection logic 308 (FIG. 3) selects
(block 710) another individual processor core for tempera-
ture monitoring on an individual basis as described above.

Conversely, 1 1t 1s determined (block 712) that the
selected processor core has been designated to be an
unavailable processor core, and 1f 1t 1s determined (block
724) that the processor core temperature has fallen below the
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fourth temperature threshold value, that 1s, below set tem-
perature threshold valued4 (FIG. 5), the set selection logic
308 (FIG. 3) selects the processor core to be available to
receive dispatched tasks and switches (block 730) the des-
ignation of the particular processor at the set transition T4
(FIG. 5), from an unavailable designation to an available
designation. The set selection logic 308 (FIG. 3) selects
(block 710) another individual processor core for tempera-
ture monitoring on an individual basis as described above.

In the 1llustrated embodiment, a temperature diflerential
difi2 (FIG. §5) 1s provided between the third and fourth set

temperature threshold values, value3 and valued, respec-
tively. Such a differential can reduce excessive switching
between sets 1n the event that a monitored temperature
oscillates about a temperature close to one of the threshold
values. Thus, 1f a particular processor core 1s in the available
set of processor cores available to receive dispatched tasks
because the monitored temperature fell below the fourth set

temperature threshold value, that 1s, set temperature thresh-
old value4 (FIG. §), set selection logic 308 (FIG. 3) con-

tinues to designate that processor core as available notwith-
standing that the monitored processor core temperature
subsequently rises above the set temperature threshold
value4 as long as the monitored processor core temperature
remains below the set temperature threshold value3. Con-
versely, 1f a particular processor core 1s 1n the unavailable set
ol processor cores unavailable to receive dispatched tasks
because the monitored temperature rose above the third set
temperature threshold value, that 1s, above set temperature
threshold value3 (FIG. 5), the set selection logic 308 (FIG.
3) continues to designate that processor core as unavailable
notwithstanding that the monitored processor core tempera-
ture subsequently falls below the set temperature threshold
value3 as long as the monitored processor core temperature
remains above the set temperature threshold value4.

The set selection logic 308 continues to select a processor
core for monitoring and designating or redesignating the
processor core as having an available or unavailable status
as appropriate. In one embodiment, once the last processor
core has been monitored and designated or redesignated as
appropriate, the set selection logic 308 can restart the
process with the first processor core and monitor each
individual processor again 1n turn. It 1s appreciated that the
particular sequence 1n which individual processor cores are
monitored may vary, depending upon the particular appli-
cation.

Thus, processor cores may be removed from the set of
available processor cores 1f the temperature of an individual
processor core rises to an excessive level. Conversely,
processor cores may be returned to the set of available
processor cores 1f the temperature of an individual processor
core falls to an acceptable level. In this manner, tasks may
continue to be dispatched to processor cores of the set of
available processor cores for processing 1n the performance-
based dispatching mode while still taking into account the
temperatures ol processor cores 1n determining whether the
processor cores are available or unavailable to receive
dispatched tasks. Still further, tasks may continue to be
dispatched to available processor cores of the set of avail-
able processor cores for processing in the performance-
based dispatching mode while still taking into account the
temperatures ol processor cores 1 determining whether to
switch to a thermal-based dispatching mode. In this manner,
the amount of time the CPU complex spends in a perfor-
mance-based dispatching mode, may be extended in many
applications.
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As noted above, 1n the 1llustrated embodiment, the com-
parator logic 318 1s configured to compare monitored tem-
peratures to temperature threshold values on a periodic
basis. It 1s appreciated that other events may be used to
trigger a comparison.

FIG. 8 depicts another embodiment of operations of the
multi-mode task dispatching logic 304 1n a performance-
based dispatching mode. Accordingly, the multi-mode task
dispatching logic 304 dispatches (block 814) tasks to avail-
able processor cores in a performance-based dispatching
mode 1 this example. As previously mentioned, in one
embodiment, a performance-based dispatching mode 1s one
in which tasks are dispatched to processor cores of the first
set of available processor cores for processing primarily as
a Tunction of system performance to improve system per-
formance rather than to optimize or substantially optimize
overall temperature reduction of the CPU complex.

The comparator logic 318 compares (block 820) a multi-
processor core temperature to a sub-mode temperature
threshold value, such as the sub-mode temperature threshold
value5 depicted in the graph of FIG. 4. If the multi-processor
core temperature remains above the sub-mode temperature
threshold value, that 1s, sub-mode temperature threshold
value5 (FIG. 4), the mode selection logic 320 (FIG. 3)
continues 1 a non-heating sub-mode of the performance-
based dispatching mode so that tasks are dispatched to
available processor cores of the first set of available pro-
cessor cores for processing primarily as a function of system
performance to optimize or substantially optimize system
performance rather than to optimize or substantially opti-
mize overall temperature reduction of the CPU complex. In
the non-heating sub-mode, non-system workload tasks are
not dispatched to 1dle processor cores of the set of available
Processor cores.

Conversely, if the multi-processor core temperature falls
below the sub-mode temperature threshold value, that 1s,
sub-mode temperature threshold valued (FIG. 4), the mode
selection logic 320 (FIG. 3) selects the heating sub-mode of
the performance-based dispatching mode and switches
(block 824) the sub-mode of the dispatch mode of the
multi-mode task dispatching logic 304 at the mode transition
T5 (FIG. 4), to the heating sub-mode. In some embodiments,
a system message may be 1ssued (block 828) alerting a
system operator to take appropriate action 1f any. For
example, 1n response to the system message informing the
operator that the task scheduler has switched to the heating
sub-mode of the performance-based dispatching mode, the
operator may modily the system environmental temperature
controls to increase heating of the environment surrounding
the CPU complex.

As previously mentioned, 1n a heating sub-mode of the
performance-based dispatching mode, not only are system
workload tasks dispatched to available processor cores of
the set of available processor cores for processing a system
workload primarily as a function of system performance, but
also non-system workload tasks are dispatched (block 830)
to 1dle processor cores of the set of available processor
cores. In this manner, i1dle processor cores and the CPU
complex as a whole may be heated by dispatching heat
generating non-system workload tasks to idle processor
cores of the set of available processor cores. In this embodi-
ment, 11 a particular processor core 1s designated as unavail-
able because the processor core temperature has exceeded a
set temperature threshold value, for example, neither system
workload tasks nor non-system workload tasks are dis-
patched to processor cores of the set of unavailable proces-
SOr COres.
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In this embodiment, the comparator logic 318 compares
(block 820, 834) a multi-processor core temperature to a
sub-mode temperature threshold value, such as the sub-
mode temperature threshold value5 depicted 1in the graph of
FIG. 4. If 1t 1s determined (block 834) that the multi-
processor core temperature remains below the sub-mode
temperature threshold value, that 1s, sub-mode temperature
threshold valued (FIG. 4), the mode selection logic 320
(F1G. 3) remains 1n the heating sub-mode and continues to
dispatch (block 830) heat generating non-system workload
tasks to the idle processor cores of the set of available
processor cores. In addition, the system workload tasks
continue to be dispatched to the available processor cores 1n
the performance-based dispatching mode.

If 1t 1s determined (block 834) that the multi-processor
core temperature has risen above the sub-mode temperature
threshold value, that 1s, sub-mode temperature threshold
value5 (FIG. 4), the mode selection logic 320 (FIG. 3) exits
(block 840) the heating sub-mode of the performance-based
dispatching mode and enters the non-heating sub-mode.
Accordingly, the mode selection logic 320 (FIG. 3) termi-
nates at the sub-mode transition TS (FIG. 4), the dispatching
ol non-system workload tasks to idle processor cores of the
set of available processor cores. As a result, 1dle processor
cores and the CPU complex as a whole are no longer heated
by the dispatching of heat generating non-system workload
tasks to 1dle processor cores of the set of available processor
cores. However, the system workload tasks continue to be
dispatched to available processor cores of the set of avail-
able processor cores for processing a system workload
primarily as a function of system performance in the per-
formance-based dispatching mode,

In some embodiments, a system message may be 1ssued
(block 844) alerting system operator to take appropriate
action 1f any. For example, 1n response to a system message
informing the operator that the task scheduler has exited the
heating sub-mode of the performance-based dispatching
mode, the operator may modily the system environmental
temperature controls to maintain or reduce levels of envi-
ronmental heating.

In the 1llustrated embodiment, the comparator logic 318 1s
configured to compare monitored temperatures to tempera-
ture threshold values on a periodic basis. It 1s appreciated
that other events may be used to trigger a comparison.

FIG. 9a depicts one example of a heat generating non-
system workload task which may be dispatched to idle
processor cores of the set of available processor cores 1n a
heating sub-mode of a performance-based dispatching
mode, to heat 1dle processor cores of a CPU complex. In this
example, the heat generating non-system workload task
includes one or more heat loop functions. Execution of a
heat loop function causes the processor core executing the
heat loop function to generate heat, the primary purpose of
the heat loop function rather than to generate useful data.

Each loop of the heat loop function in this example
increments (block 914) counters 1n an array. FIG. 95 depicts
an example of an array 940 of counters, countervaluel,
countervalue2 countervalueN, which may be implemented
as data structures, for example, or as hardware registers, for
example. It 1s appreciated that an array of counters may have
other implementations depending upon the particular appli-
cation. It 1s further appreciated that other types of heat
generating non-system workload tasks may be employed
which may omit loops or counters, for example. Thus, a heat
generating non-system workload task may be any set of
instructions to a processor core. However, in one embodi-
ment, such a heat generating non-system workload task does
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not adversely aflect or otherwise interfere with system
workload tasks or system workload data.

The heat loop function continues looping 1n this fashion,
incrementing (block 914) 1n each loop, counters 1n the array
940 until a time limit (block 920) of a timer function 1is
reached. An example of a suitable time limit 1s 180 mualli-
seconds. It 1s appreciated that other time limit values may be
selected, depending upon the particular application. Once
the time limit (block 920) of the timer function 1s reached,
the sum of the counters as represented by the sum, sum-
valuel, 1s obtained and returned (block 924), ending (block
930) the heat generating non-system workload task.

In this example, the sum of the counters as represented by
the sum sumvaluel 1s pseudo data 1n which the actual value
ol the content of the data 1s insignificant. Instead, the sum of
the counters of the heat loop function 1s generated primarily
if not solely for purposes of executing tasks 1n a processor
core to heat that processor core, rather than processing true
data. However, although the data 1s pseudo data, the heat
loop function 1n this embodiment 1s sufliciently complex so
as to avoid being optimized out by a compiler. However, 1t
1s appreciated that other pseudo data functions are suili-
ciently complex so as to be suitable for use as a heat
generating non-system workload task.

By limiting (block 920) the duration of the heat generat-
ing non-system workload task using a timer function, exiting
the heating sub-mode 1s facilitated. For example, it the
comparator logic 318 (FIG. 3) 1n re-checking (block 834,
FIG. 8) the multi-processor core temperature determines that
the CPU complex (or its ambient temperature) 1s sufliciently
warm, the mode selection logic 320 (FIG. 3) can readily exit
the heating sub-mode and any remaining on-going heat
generating non-system workload tasks will automatically
terminate as their timer functions expire. As a result, termi-
nation of the heat generating non-system workload tasks and
exiting of the heating sub-mode 1s facilitated.

Also by limiting (block 920) the duration of the heat
generating non-system workload task using a timer function,
substituting a system workload task for an expired non-
system workload task i1s facilitated. Thus, if additional
system workload tasks become available for dispatching,
automatic expiration of the non-system workload tasks
automatically makes those processor cores available to
receive a new system workload task instead of continuing to
perform a non-system workload task, thereby improving
system performance 1n the heating sub-mode. Thus, 1n one
embodiment, system workload tasks are given priority over
any non-system workload tasks for dispatching to available
processor cores 1n the heating sub-mode.

The computational components of the figures may each be
implemented 1n one or more computer systems, such as the
computer system 1002 shown in FIG. 10. Computer system/
server 1002 may be described in the general context of
computer system executable instructions, such as program
modules, being executed by a computer system. Generally,
program modules may include routines, programs, objects,
components, logic, data structures, and so on that perform
particular tasks or implement particular abstract data types.
Computer system/server 1002 may be practiced in distrib-
uted cloud computing environments where tasks are per-
tormed by remote processing devices that are linked through
a communications network. In a distributed cloud comput-
ing environment, program modules may be located 1n both
local and remote computer system storage media imncluding
memory storage devices.

As shown 1n FIG. 10, the computer system/server 1002 1s
shown 1n the form of a general-purpose computing device.
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The components of computer system/server 1002 may
include, but are not limited to, one or more processors or
processing units 1004, a system memory 1006, and a bus
1008 that couples various system components including
system memory 1006 to processor 1004. Bus 1008 repre-
sents one or more ol any of several types of bus structures,
including a memory bus or memory controller, a peripheral
bus, an accelerated graphics port, and a processor or local
bus using any of a variety of bus architectures. By way of
example, and not limitation, such architectures include
Industry Standard Architecture (ISA) bus, Micro Channel
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video
Electronics Standards Association (VESA) local bus, and
Peripheral Component Interconnects (PCI) bus.

Computer system/server 1002 typically includes a variety
of computer system readable media. Such media may be any
available media that 1s accessible by computer system/server
1002, and it includes both volatile and non-volatile media,
removable and non-removable media.

System memory 1006 can include computer system read-
able media 1n the form of volatile memory, such as random
access memory (RAM) 1010 and/or cache memory 1012.
Computer system/server 1002 may further include other
removable/non-removable, volatile/non-volatile computer
system storage media. By way of example only, storage
system 1013 can be provided for reading from and writing,
to a non-removable, non-volatile magnetic media (not
shown and typically called a “hard drive”). Although not
shown, a magnetic disk drive for reading from and writing
to a removable, non-volatile magnetic disk (e.g., a “floppy
disk™), and an optical disk drive for reading from or writing
to a removable, non-volatile optical disk such as a CD-
ROM, DVD-ROM or other optical media can be provided.
In such instances, each can be connected to bus 1008 by one
or more data media interfaces. As will be further depicted
and described below, memory 1006 may include at least one
program product having a set (e.g., at least one) of program
modules that are configured to carry out the functions of
embodiments of the mvention.

Program/utility 1014, having a set (at least one) of pro-
gram modules 1016, may be stored in memory 1006 by way
of example, and not limitation, as well as an operating
system, one or more application programs, other program
modules, and program data. Each of the operating system,
one or more application programs, other program modules,
and program data or some combination thereof, may include
an 1mplementation of a networking environment. The com-
ponents of the computer 1002 may be implemented as
program modules 1016 which generally carry out the func-
tions and/or methodologies of embodiments of the invention
as described herein. The system of FIG. 1 may be imple-
mented in one or more computer systems 1002, where 1t
they are implemented 1n multiple computer systems 1002,
then the computer systems may communicate over a net-
work.

Computer system/server 1002 may also communicate
with one or more external devices 1018 such as a keyboard,
a pointing device, a display 1020, etc.; one or more devices
that enable a user to interact with computer system/server
1002; and/or any devices (e.g., network card, modem, etc.)
that enable computer system/server 1002 to communicate
with one or more other computing devices. Such commu-
nication can occur via Input/Output (I/O) interfaces 1022.
Still yet, computer system/server 1002 can communicate
with one or more networks such as a local area network
(LAN), a general wide area network (WAN), and/or a public
network (e.g., the Internet) via network adapter 1024. As
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depicted, network adapter 1024 communicates with the
other components of computer system/server 1002 via bus
1008. It should be understood that although not shown, other
hardware and/or software components could be used in
conjunction with computer system/server 1002. Examples,
include, but are not limited to: microcode, device drivers,
redundant processing units, external disk drive arrays, RAID
systems, tape drives, and data archival storage systems, efc.

The reference characters used herein, such as 1, j, and n,
are used to denote a variable number of instances of an
clement, which may represent the same or diflerent values,
and may represent the same or diflerent value when used
with different or the same elements 1n different described
instances.

The present invention may be a system, a method, and/or
a computer program product. The computer program prod-
uct may include a computer readable storage medium (or
media) having computer readable program instructions
thereon for causing a processor to carry out aspects of the
present mvention.

The computer readable storage medium can be a tangible
device that can retain and store instructions for use by an
instruction execution device. The computer readable storage
medium may be, for example, but 1s not limited to, an
clectronic storage device, a magnetic storage device, an
optical storage device, an electromagnetic storage device, a
semiconductor storage device, or any suitable combination
of the foregoing. A non-exhaustive list of more specific
examples of the computer readable storage medium 1ncludes
the following: a portable computer diskette, a hard disk, a
random access memory (RAM), a read-only memory
(ROM), an erasable programmable read-only memory
(EPROM or Flash memory), a static random access memory
(SRAM), a portable compact disc read-only memory (CD-
ROM), a digital versatile disk (DVD), a memory stick, a
floppy disk, a mechanically encoded device such as punch-
cards or raised structures in a groove having instructions
recorded thereon, and any suitable combination of the fore-
going. A computer readable storage medium, as used herein,
1s not to be construed as being transitory signals per se, such
as radio waves or other freely propagating electromagnetic
waves, electromagnetic waves propagating through a wave-
guide or other transmission media (e.g., light pulses passing
through a fiber-optic cable), or electrical signals transmitted
through a wire.

Computer readable program instructions described herein
can be downloaded to respective computing/processing
devices from a computer readable storage medium or to an
external computer or external storage device via a network,
for example, the Internet, a local area network, a wide area
network and/or a wireless network. The network may com-
prise copper transmission cables, optical transmission fibers,
wireless transmission, routers, firewalls, switches, gateway
computers and/or edge servers. A network adapter card or
network interface 1n each computing/processing device
receives computer readable program instructions from the
network and forwards the computer readable program
instructions for storage i a computer readable storage
medium within the respective computing/processing device.

Computer readable program instructions for carrying out
operations of the present invention may be assembler
instructions, instruction-set-architecture (ISA) instructions,
machine instructions, machine dependent instructions,
microcode, firmware instructions, state-setting data, or
either source code or object code written 1n any combination
of one or more programming languages, including an object
oriented programming language such as Java, Smalltalk,
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C++ or the like, and conventional procedural programming
languages, such as the “C” programming language or similar
programming languages. The computer readable program
instructions may execute entirely on the user’s computer,
partly on the user’s computer, as a stand-alone software
package, partly on the user’s computer and partly on a
remote computer or entirely on the remote computer or
server. In the latter scenario, the remote computer may be
connected to the user’s computer through any type of
network, including a local area network (LAN) or a wide
area network (WAN), or the connection may be made to an
external computer (for example, through the Internet using
an Internet Service Provider). In some embodiments, elec-
tronic circuitry including, for example, programmable logic
circuitry, field-programmable gate arrays (FPGA), or pro-
grammable logic arrays (PLA) may execute the computer
readable program 1nstructions by utilizing state information
of the computer readable program 1nstructions to personalize
the electronic circuitry, 1n order to perform aspects of the
present 1nvention.

Aspects of the present invention are described herein with
reference to flowchart 1llustrations and/or block diagrams of
methods, apparatus (systems), and computer program prod-
ucts according to embodiments of the invention. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks in the
flowchart 1llustrations and/or block diagrams, can be 1imple-
mented by computer readable program instructions.

These computer readable program instructions may be
provided to a processor of a general purpose computer,
special purpose computer, or other programmable data pro-
cessing apparatus to produce a machine, such that the
instructions, which execute via the processor of the com-
puter or other programmable data processing apparatus,
create means for implementing the functions/acts specified
in the flowchart and/or block diagram block or blocks. These
computer readable program instructions may also be stored
in a computer readable storage medium that can direct a
computer, a programmable data processing apparatus, and/
or other devices to function 1n a particular manner, such that
the computer readable storage medium having instructions
stored therein comprises an article of manufacture including
instructions which implement aspects of the function/act
specified in the tlowchart and/or block diagram block or
blocks.

The computer readable program instructions may also be
loaded onto a computer, other programmable data process-
ing apparatus, or other device to cause a series ol operational
steps to be performed on the computer, other programmable
apparatus or other device to produce a computer 1mple-
mented process, such that the instructions which execute on
the computer, other programmable apparatus, or other
device implement the functions/acts specified 1n the tlow-
chart and/or block diagram block or blocks.

The flowchart and block diagrams 1n the Figures illustrate
the architecture, functionality, and operation ol possible
implementations of systems, methods, and computer pro-
gram products according to various embodiments of the
present invention. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion ol instructions, which comprises one or more
executable 1nstructions for implementing the specified logi-
cal function(s). In some alternative implementations, the
functions noted 1n the block may occur out of the order noted
in the figures. For example, two blocks shown 1n succession
may, i fact, be executed substantially concurrently, or the
blocks may sometimes be executed in the reverse order,
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depending upon the functionality mvolved. It will also be
noted that each block of the block diagrams and/or flowchart
illustration, and combinations of blocks 1in the block dia-
grams and/or flowchart illustration, can be implemented by
special purpose hardware-based systems that perform the
specified functions or acts or carry out combinations of
special purpose hardware and computer instructions.

The terms “an embodiment”, “embodiment”, “embodi-
ments”, “the embodiment”, “the embodiments”, “one or
more embodiments”, “some embodiments”, and ‘“one
embodiment” mean “one or more (but not all) embodiments
ol the present mvention(s)” unless expressly specified oth-
Crwise.

The terms “including”, “comprising”, “having” and varia-
tions thereol mean “including but not limited to”, unless
expressly specified otherwise.

The enumerated listing of items does not imply that any
or all of the 1tems are mutually exclusive, unless expressly
specified otherwise.

The terms “a”, “an’ and “the” mean “one or more”, unless
expressly specified otherwise.

Devices that are in communication with each other need
not be 1n continuous communication with each other, unless
expressly specified otherwise. In addition, devices that are 1n
communication with each other may commumnicate directly
or indirectly through one or more itermediaries.

A description of an embodiment with several components
in communication with each other does not imply that all
such components are required. On the contrary a variety of
optional components are described to illustrate the wide
variety of possible embodiments of the present mnvention.

When a single device or article 1s described herein, 1t waill
be readily apparent that more than one device/article
(whether or not they cooperate) may be used 1n place of a
single device/article. Similarly, where more than one device
or article 1s described herein (whether or not they cooperate),
it will be readily apparent that a single device/article may be
used 1 place of the more than one device or article or a
different number of devices/articles may be used instead of
the shown number of devices or programs. The functionality
and/or the features of a device may be alternatively embod-
ied by one or more other devices which are not explicitly
described as having such functionality/features. Thus, other
embodiments of the present invention need not include the
device 1tsell.

The foregoing description of various embodiments of the
invention has been presented for the purposes of 1llustration
and description. It 1s not intended to be exhaustive or to limait
the mvention to the precise form disclosed. Many modifi-
cations and variations are possible i light of the above
teaching. It 1s intended that the scope of the invention be
limited not by this detailed description, but rather by the
claims appended hereto. The above specification, examples
and data provide a complete description of the manufacture
and use of the composition of the invention. Since many
embodiments of the invention can be made without depart-
ing from the spirit and scope of the invention, the invention
resides 1n the claims herein after appended.

What 1s claimed 1s:

1. A system, comprising:

a plurality of processor cores; and

multi-mode task dispatching logic configured to dispatch

tasks to processor cores of the plurality of processor
cores 1 a selected one of a plurality of modes, the
multi-mode task dispatching logic including set selec-
tion logic configured to select at least a portion of the

plurality of processor as available to receive a dis-
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patched task to define a first set of available processor
cores, wherein the plurality of modes includes a per-
formance-based dispatching mode 1n which tasks are
dispatched to processor cores of the first set of available
processor cores for processing primarily as a function
of system performance 1n the performance-based dis-
patching mode, and a thermal-based dispatching mode
in which tasks are dispatched to processor cores of the
first set of available processor cores primarily as a
function of processor core temperatures in the thermal-
based dispatching mode, the multi-mode task dispatch-
ing logic further including:
temperature monitoring logic configured to monitor a
multi-processor core temperature which 1s a function of
temperatures of at least a portion of the plurality of the
processor cores of the system;

comparator logic configured to be responsive to the

temperature monitoring logic, and to compare a multi-
processor core temperature to a sub-mode temperature
threshold value; and
mode selection logic configured to be responsive to the
comparator and to select a sub-mode of the perfor-
mance-based dispatching mode of the multi-mode task
dispatching logic as a function of temperature of pro-
cessor cores, wherein the mode selection logic 1s fur-
ther configured to, i the multi-processor core tempera-
ture 1s below a sub-mode temperature threshold value,
select a heating sub-mode of the performance-based
dispatching mode and switch to the heating sub-mode
of the performance-based dispatching mode of the
multi-mode task dispatching logic so that heat-gener-
ating non-system workload tasks are dispatched to 1dle
processor cores of the first set of available processor
cores for processing by processor cores in the first set
of processor cores to raise the temperature of process-
Ing cores recerving a heat generating task;

wherein the processing of heat-generating non-system
workload tasks includes processing of pseudo data
generated primarily to heat a processor core; and

wherein the multi-processor core temperature 1s a tem-
perature value that includes a monitored temperature
with respect to all the processor cores.

2. The system of claim 1 further comprising an ambient
temperature sensor configured to measure the multi-proces-
sor core temperature as an ambient temperature of an
environment adjacent the plurality of processor cores.

3. The system of claim 1 wherein the heat generating
non-system workload task includes a loop of instructions to
be processed by a processor core, and wherein the heat
generating non-system workload task includes a timer con-
figured to terminate the heat generating non-system work-
load task after a predetermined time limut.

4. The system of claim 3 wherein the comparator logic 1s
turther configured to periodically compare a multi-processor
core temperature to a sub-mode temperature threshold value;
and

wherein the mode selection logic 1s turther configured to,

if the multi-processor core temperature 1s below a
sub-mode temperature threshold value, to continue to
dispatch both a heat generating non-system workload
task to 1dle processor cores of the first set of processor
cores for processing by processor cores in the first set
of processor cores to raise the temperature of process-
Ing cores recerving a heat generating task and a system
workload task to available processor cores of the first
set of processor cores for processing by processor cores
in the first set of processor cores.
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5. The system of claim 4 wherein the mode selection logic
1s Turther configured to, 1f the multi-processor core tempera-
ture 1s above a sub-mode temperature threshold value, to
terminate dispatching of heat generating non-system work-
load tasks to 1dle processor cores of the first set of processor
cores.

6. The system of claim 1 wherein the mode selection logic
1s further configured to i1ssue a system message to alert a
system operator that the system 1s 1n the heating sub-mode.

7. The system of claim 1 wherein the set selection logic
1s further configured to select a plurality of the processor
cores as unavailable to receive neither a dispatched heat
generating non-system workload task nor a system workload
task to define a second set of unavailable processor cores in
which each processor core of the second set of processor
cores 15 selected as unavailable to receive neither a dis-
patched heat generating non-system workload task nor a
system workload task, wherein:

the temperature monitoring logic 1s further configured to

monitor a temperature of a first processor core of the
first set of available processor cores;

the comparator logic 1s further configured to compare the

temperature of the first processor core to a set tempera-
ture threshold value; and

the set selection logic 1s further configured to, if the

temperature of the first processor core rises above a set
temperature threshold value, to reselect the first pro-
cessor core as unavailable to receive neither a dis-
patched heat generating non-system workload task nor
a system workload task, so that the first processor core
1s added to the second set of processor cores 1n which
cach processor core of the second set of processor cores
1s selected as unavailable to receive neither a dis-
patched heat generating non-system workload task nor
a system workload task, and i1s removed from the first
set of available processor cores.

8. The system of claim 7 wherein:

the temperature monitoring logic 1s further configured to

monitor a temperature of a second processor core of the
second set of unavailable processor cores;

the comparator logic 1s further configured to compare

temperature of the second processor core of the second
set of unavailable processor cores to a set temperature
threshold value; and

the set selection logic i1s further configured to, if the

temperature of the second processor core of the second
set ol unavailable processor cores falls below a set
temperature threshold value, reselect the second pro-
cessor core of the second set of unavailable processor
cores as available to receive both a dispatched heat
generating non-system workload task and a system
workload task, to add the second processor core to the
first set of processor cores 1n which each processor core
of the first set of processor cores 1s selected as available
to receive both a dispatched heat generating non-
system workload task and a system workload task, and
to remove the second processor core from the second
set of unavailable processor cores.

9. A method, comprising:

selecting a plurality of processor cores of a multi-proces-

sor core system, as available to receive a dispatched
task to define a first set of available processor cores in
which each processor core of the first set of processor
cores 15 selected as available to receive a dispatched
task:

dispatching system workload tasks to the first set of

available processor cores for processing by the proces-
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sor cores 1n the first set of processor cores 1n a selected
one of a plurality of modes, wherein the plurality of
modes 1includes a performance-based dispatching mode
in which tasks are dispatched to processor cores of the
first set of available processor cores for processing
primarily as a function of system performance in the
performance-based dispatching mode, and a thermal-
based dispatching mode 1n which tasks are dispatched
to processor cores of the first set of available processor
cores primarily as a function of processor core tem-
peratures in the thermal-based dispatching mode;

monitoring a multi-processor core temperature which 1s a

function of temperatures of a plurality of processor
cores of the multi-processor core system;

comparing the multi-processor core temperature to a

sub-mode temperature threshold value; and
11 the multi-processor core temperature 1s below a sub-
mode temperature threshold value, switching to a heat-
ing sub-mode of the performance-based dispatching
mode which includes dispatching a heat generating
non-system workload task to 1dle processor cores of the
first set of processor cores for processing by processor
cores 1n the first set of processor cores to raise the
temperature of processing cores receiving a heat gen-
erating task;
wherein the processing of heat-generating non-system
workload tasks includes processing of pseudo data
generated primarily to heat a processor core; and

wherein the multi-processor core temperature 1s a tem-
perature value that includes a monitored temperature
with respect to all the processor cores.

10. The method of claim 9 wherein the multi-processor
core temperature 1s an ambient temperature ol an environ-
ment adjacent the plurality of processor cores.

11. The method of claim 9 wherein the heat generating
non-system workload task includes a loop of instructions to
be processed by a processor core, and wherein the heat
generating non-system workload task terminates after a
predetermined time limat.

12. The method of claim 11 further comprising:

comparing a multi-processor core temperature to a sub-

mode temperature threshold value; and

11 the multi-processor core temperature 1s below a sub-

mode temperature threshold value, continuing to dis-
patch both a heat generating non-system workload task
to 1dle processor cores of the first set of processor cores
for processing by processor cores in the first set of
processor cores to raise the temperature of processing
cores recerving a heat generating task, and a system
workload task to available processor cores of the first
set of processor cores for processing by processor cores
in the first set of processor cores.

13. The method of claim 12 further comprising:

comparing a multi-processor core temperature to a sub-

mode temperature threshold value; and

11 the multi-processor core temperature 1s above a sub-

mode temperature threshold value, terminating dis-
patching of heat generating non-system workload tasks
to 1dle processor cores of the first set of processor cores.

14. The method of claim 9 further comprising 1ssuing a
system message to alert a system operator that the system 1s
in the heating sub-mode.

15. The method of claim 9 wherein the selecting includes:

selecting a plurality of the processor cores as unavailable

to recerve a dispatched heat generating non-system
workload task or a system workload task to define a
second set of unavailable processor cores 1n which each
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processor core of the second set of processor cores 1s
selected as unavailable to receive a dispatched heat
generating non-system workload task or a system
workload task, wherein selecting processor cores to
define a second set includes:
monitoring a temperature of a first processor core of the
first set of available processor cores;
comparing the temperature of the first processor core to a
set temperature threshold value; and
if the temperature of the first processor core rises above a
set temperature threshold value, reselecting the first
processor core as unavailable to receive neither a
dispatched heat generating non-system workload task
nor a system workload task, wherein the reselecting of
the first processor core includes adding the first pro-
cessor core to the second set of processor cores in
which each processor core of the second set of proces-
sor cores 15 selected as unavailable to receive a dis-
patched heat generating non-system workload task or a
system workload task, and removing the first processor
core Irom the first set of available processor cores.
16. The method of claim 15 wherein selecting processor
cores to define a first set includes:
monitoring a temperature of a second processor core of
the second set of unavailable processor cores;
comparing the temperature of the second processor core
of the second set of unavailable processor cores to a set
temperature threshold value; and
if the temperature of the second processor core of the
second set of unavailable processor cores falls below a
set temperature threshold value, reselecting the second
processor core of the second set of unavailable proces-
sor cores as available to receive both a dispatched heat
generating non-system workload task and a system
workload task wherein the reselecting of the second
processor core includes adding the second processor
core to the first set of processor cores in which each
processor core ol the first set of processor cores 1s
selected as available to receive both a dispatched heat
generating non-system workload task and a system
workload task, and removing the second processor core
from the second set of unavailable processor cores.
17. A computer program product for use in a computer
system having a processor comprising a plurality of proces-
sor cores, a storage drive and a storage control unit config-
ured to control read operations from and write operations to
the storage drive, wherein the computer program product
comprises a computer readable storage medium having
program 1nstructions embodied therewith, the program
instructions executable by a processor of the computer
system to cause processor operations, the processor opera-
tions comprising:
selecting a plurality of processor cores of a multi-proces-
sor core system, as available to receive a dispatched
task to define a first set of available processor cores 1n
which each processor core of the first set of processor
cores 1s selected as available to receive a dispatched
task:
dispatching system workload tasks to the first set of
available processor cores for processing by the proces-
sor cores 1n the first set of processor cores 1n a selected
one of a plurality of modes, wherein the plurality of
modes 1includes a performance-based dispatching mode
in which tasks are dispatched to processor cores of the
first set of available processor cores for processing
primarily as a function of system performance in the
performance-based dispatching mode, and a thermal-
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based dispatching mode 1n which tasks are dispatched
to processor cores of the first set of available processor
cores primarily as a function of processor core tem-
peratures 1n the thermal-based dispatching mode;

monitoring a multi-processor core temperature which 1s a

function of temperatures of a plurality of processor
cores ol the multi-processor core system;

comparing the multi-processor core temperature to a

sub-mode temperature threshold value; and
11 the multi-processor core temperature 1s below a first
sub-mode temperature threshold value, switching to a
heating sub-mode of the performance-based dispatch-
ing mode which includes dispatching a heat generating,
non-system workload task to i1dle processor cores of the
first set of processor cores for processing by processor
cores 1n the first set of processor cores to raise the
temperature of processing cores receiving a heat gen-
crating task;
wherein the processing of heat-generating non-system
workload tasks includes processing of pseudo data
generated primarily to heat a processor core; and

wherein the multi-processor core temperature 1s a tem-
perature value that includes a monitored temperature
with respect to all the processor cores.

18. The computer program product of claim 17 wherein
the multi-processor core temperature 1s an ambient tempera-
ture of an environment adjacent the plurality of processor
cores.

19. The computer program product of claim 17 wherein
the heat generating non-system workload task includes a
loop of 1nstructions to be processed by a processor core, and
wherein the heat generating non-system workload task ter-
minates aiter a predetermined time limit.

20. The computer program product of claim 19 wherein
the operations further comprise:

comparing a multi-processor core temperature to a sub-

mode temperature threshold value; and

11 the multi-processor core temperature 1s below a sub-

mode temperature threshold value, continuing to dis-
patch both a heat generating non-system workload task
to 1dle processor cores of the first set of processor cores
for processing by processor cores in the first set of
processor cores to raise the temperature of processing
cores receiving a heat generating task, and a system
workload task to available processor cores of the first
set of processor cores for processing by processor cores
in the first set of processor cores.

21. The computer program product of claim 20 wherein
the operations further comprise:

comparing a multi-processor core temperature to a sub-

mode temperature threshold value; and

11 the multi-processor core temperature 1s above a sub-

mode temperature threshold value, terminating dis-
patching of heat generating non-system workload tasks
to 1dle processor cores of the first set of processor cores.

22. The computer program product of claim 17 wherein
the operations further comprise:

1ssuing a system message to alert a system operator that

the system 1s 1n the heating sub-mode.

23. The computer program product of claim 17 wherein
the selecting includes:

selecting a plurality of the processor cores as unavailable

to recerve neither a dispatched heat generating non-
system workload task nor a system workload task to
define a second set of unavailable processor cores 1n
which each processor core of the second set of proces-
sor cores 1s selected as unavailable to receive neither a
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dispatched heat generating non-system workload task
nor a system workload task, wherein selecting proces-
sor cores to define a second set includes:

monitoring a temperature of a first processor core of the

first set of available processor cores;

comparing the temperature of the first processor core to a

set temperature threshold value; and

i the temperature of the first processor core rises above a

set temperature threshold value, reselecting the first
processor core as unavailable to receive neither a
dispatched heat generating non-system workload task
nor a system workload task, wherein the reselecting of
the first processor core includes adding the first pro-
cessor core to the second set of processor cores 1n
which each processor core of the second set of proces-
sor cores 1s selected as unavailable to receive neither a
dispatched heat generating non-system workload task
nor a system workload task, and removing the first
processor core from the first set of available processor
cores.

24. The computer program product of claim 23 wherein

selecting processor cores to define a first set includes:
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monitoring a temperature of a second processor core of

the second set of unavailable processor cores;

comparing the temperature of the second processor core

of the second set of unavailable processor cores to a set
temperature threshold value; and

i1 the temperature of the second processor core of the

second set of unavailable processor cores falls below a
set temperature threshold value, reselecting the second

processor core of the second set of unavailable proces-
sor cores as available to receive both a dispatched heat
generating non-system workload task and a system
workload task wherein the reselecting of the second
processor core includes adding the second processor
core to the first set of processor cores in which each
processor core ol the first set of processor cores 1is
selected as available to receive both a dispatched heat
generating non-system workload task and a system
workload task, and removing the second processor core
from the second set of unavailable processor cores.
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